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Abstract

Even in the context of the country’s energy structure adjustment, coal is still one of the major
energy sources in China for a certain period of time. The task of coal mine safety production is still
arduous. As one of the five disasters of coal mine, water disaster seriously threatens the produc-
tion safety of coal mine. In order to reduce the occurrence of water disaster accidents in coal
mines, the most important thing is to identify the source of water inrush effectively. Based on 7

kinds of conventional hydro-chemical indexes of Na* + K+, Mg2+, Ca2+, Cl-, SOi", HCOj, and TDS

from four aquifers of Tongting coal mine, a multivariate matrix model for identification of water
inrush in mine is established and the possibility of the water inrush samples belonging to each
aquifer can be determined by the combination of ions. Taking the combination of Na* + K+, Mg2*
and CaZ?* as an example, the possibility of water inrush belonging to fourth aquifer, coal bearing
sandstone aquifer, Taiyuan formation limestone aquifer and Ordovician limestone is -0.2978,
-0.0396, 0.1101, 0.8486 respectively. Therefore, the ion combination shows that the source of
water inrush samples is Ordovician limestone water. Through the calculation results of other
groups of ions, the source of water inrush can be judged similarly. The results show that there are
0 groups of water inrush from coal bearing sandstone, 2 groups from Taiyuan formation limestone
aquifer, 4 groups from the fourth aquifer, 29 groups from Ordovician limestone aquifer, and the
average value of each group is also shown as Ordovician limestone aquifer. Accordingly, it can be
considered that the source of water inrush is Ordovician limestone aquifer water. Results show
that the principle is simple, and less limited by water samples and the index number, and has good
recognition effect, and water recognition rate can reach 82.86% in Tongting coal mine, which can
provide a reference for prevention and control of water disasters in coal mine.
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BEE [E KA UR A A IR A, R TR R R [ BE YR 4 AL IR B LU DR B D BRI, (HAE— e I,
R AR E R EMREIRZ —, TP 224" TAEMMES KRR E . KEMENRT LRRKEZ —,
PEEE UMM A, YRR A TR, SRR IRA A REON AT ERE R
SRS o TR 7K S T S B St 2 v A RO S S AKOKIR [ 1] [ P A 2 238 MUK SCHE
BRAG 2 A B S SROKKIE R EEAT 7 RERIL, T KA 75 T . SRR, oA
6, IR 2R TR, R T REREIKEIE, B, 8 KA 22 TS AT RAKIER
WA RN T TZ BRI FH2] [3] [4] [5] [6]. 2 oM BRI AL Hy 1 JE i 5, SZRE B8R DA SRR B i B R AR b
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KIRWEN, HAERP SRR S, EEYSE. £F%. RA TR, i TR, BELXEERSHEARSE
P AR T TIZAE[7] (8] [9]. AATHIFH 2 JoHE FEBL AN IR AK K IR A R B F A [10] [11].
ASCAE FRBE R AR b, DA AR X 3 S A R A S i S B, I 2 n o R VST
FIAKBFRAERL, U B iR K TAERE S5,

2. B FEoK 0 RAFAE

SO TG I, AT R R A, B W ARMEARERAL, - Alha NW AR
FRoE % ) eI o ALLAUGR IR 5, FE DL SR E v 0, R Z BR85Sk vt [12]. S 2k
FRAMBR, EENHFAETNEUZE, FTRKFAR AR EPEZK S . RIEHERE . R K A3
. XIEKFAFSE, AP IX 08 4 DSETAE R EUE SKBECUTgE RS —. B, =, $lN4
MEKE) R AR EKEER “BRK” ). RIRAKEFBERBEKEER “KKK”)
MBEELIKE SKZEIR “BIKK” Yo HTHE—. . ZH5KEERYERENRKE, #5EHEK
EEEMNEKZM R DS K” )RR I R V&K E S R 28l 2 L R 2
TR FBAMNE KR NRKIEA KA BB LKA S ERE, HAR G 5 E T RAAAE B RI/K 15k
R, A BEBEERIE B Z VIR RS ACGRTER, KA SKZEH FAKE AT . Bk, &5
FEFRIKKIFEATE K HERAK KKK BIKK,

3. ARAZ*

% JUHE MERSE Y (1 JE B R F 2 A R B S R R T R, AR S HHE AN R )i T VE R SR R
EnA, HSERUEALZ e — IR TR, R R T AR SERR TR R i — PR S FH [ 11 ] ARAERT S IK
— M, KR — B e T A B KR R, PR, AT R KRR S I 2 RSB DL K BT RS K
DREIA AR BE AR A TN B, AR SEIECHE R R AR KA SRR . 2 JoaE FERE RS LERT /K IR A Hh i

BUEHERE T LR R W T
_Cll CIZ m_ _Fi_ _R_
C21 sz CZn Fz Pz
CF=P, C=| : ST R I = 1)
Cn—l,l Cn—l,2 T Cn—l,n F;H P;H
L 1 1 1 1 ] L Fn L Pn ]

R F, HFE CHFKEKRIZN R KFE IR HERE, PR AR K FE KA = FR AR B, F RN
ERERH I TR MRS . C, (i =1,2,--,n-1;j =1,2,---,n) N& G KIZ P A RIKA A AR
SCMAE s Py AR R AOKFE S RACZEFRAR M SEIME,  F (i=1,2,--,n) A& & KB I RAK 1500 72
FE (B AR 5K KRR T T 4% S KA BEME KN, Fr SR FARR M S /K2 B o] BE 2 FF 28K I 32 2
Fe o
4. IHBIRMER N
BRI R IR 2, R HAE H KR AR TS B RO FE R AOKIE TN B E . 7 &S KEH
B EMIKWZER ST, HEES B E BV R . B A 8 A TINASE R 2, A SCEE Na™ +
K'. Mg*, Ca’. CI'v SO} . HCO;. TDS 3t 7 R KA F AR R HRAOKFEHAT IR . BEER
FRUKAC SRR LA 1, R TT1-5 BURRIET SCIR[13], HfE TT1-4 @22 s FEA, RS a nf
SEFE, RS TTS B FHAE VI GRFEAR .
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Table 1. Routine hydrochemical indexes of Tongting mine (mg/L)
= 1. BN EHKLFIEFR(mg/L)

'S Na' +K' Mg? Ca* cr SO HCO; TDS SEbRE AL
TTI1 175.64 72.36 80.04 124.50 540.00 107.04 1046.10 iRy
TT 2 752.93 11.94 24.80 104.10 1220.00 368.46 2315.90 ES
TT 3 431.09 150.90 255.40 165.40 168.40 256.46 2815.00 KK
TT 4 154.34 11.34 2.86 170.00 30.00 26.66 410.90 BUR
1T 5 154.75 8.51 6.81 171.90 29.78 107.70 425.00 BUR

WIHTHTIR, B FKRIEEZRNY S BER KK BK, Bl n=4, 20T IRRUT:
Cl 1 Cl 2 Cl 3 Cl 4 E [)1
CZl C22 C23 C24 }72 — 1)2 (2 )
C3 1 C32 C33 C34 F‘3 })3
11 1 1]|F] |1

F 2 JOAE PR AR AL () SR B ) LAY A8, A DU e R, R R A S AR A A g vl ) AR T e AR
R AERf 22 AR 3 0B . IR A2 IF B TF R BRI, 5 K I L EE LA K, 8HU T TDS
LR & H B2 BB R R B TR ARy R A SRR R [ 1] BB S0 X K&K E R E IR
2, F IRk, AR R R BT AR I, BT TDS &R AR, A
By B R B AR v, TR T ok U, AR B HAE R AR . (RIS e A (Y R R
S AL AR i A SR (1 S B, LR R 3 PR MUK AL AR, BEAMEARE Na© + K' Mg™', Ca®'\ CI'.
SO;" . HCO; . TDSixX 7 41¥#, XFEak T LAZLRL 35 4LiH5 4R . LA Na" + K'\ Mg™'. Ca’ A,
JUJ BT LA 2 R R

_pl(Na* +K*) P2, (Na+ +K*) p3(Na+ +K+) £ (Na+ +K” )_

p(Mg™)  p(MgT)  p(MET) p (M)

o) (Ca“) P, (Na+ +K+) ,03(N21+ +K+) yo (Na* +K+)
1 1 1 1

)

e I IR e !
— Ju Ju o

H, piv pos pas pa BT IR Na" + Ky Mg™. Ca EDUS K BERK. KKK BEKPIEE; P
Py PyAFFIIZKEE Na® + K's Mg™' Ca’' [ s Fiv Faos Fi Fy NRRINSOKKEEE T % & KZ MmT 6
PERAN. B, BUF . Fy Fiv Fy P ECORAE R FTARERI S /K Z 0 9K 52 FR ok, RIS KK
TRIFZEKZ . LA, nT DUEBILABARAR AT A& 20 AR ARCE 2), LA FTE AR, ek
S H K AR IR

22 2, nTLLRIH & BT H AR FE R RAKKFEE T % 5K ZER T Ret R/ FEFERL Na® + K
Mg\ Ca® Nfiil, FEKKEEIR T VY& /K ] BETE N—0.2978 J& T B R MW BT ~N—0.0396. J& T KK Al
REPEN 0.1101. J& T BIKKHIATREME N 0.8486, K, % T4H A TR RKKFE ISR Z BRI K. @ik
Gt S HE T RS R TR, TTS SUIZFESSRIE NI RKIIA 0 4H, SKIENRIIKIIA 2 H,
KIETUUEHA 4 4, RIFETEKKA 29 4, HEHPEEEERNERK, dEtk, ATLHAAIZEE ok
TR
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Table 2. Influence of aquifer on water bursting water sample and water source discrimination in Tongting coal mine

2. BESH & EKEMNTKKEMZIMIEE RIGEH 3
5 iR Pl P2 P3 P4 F 45 R
1 Na' + K", Mg*, Ca*' -0.2978 -0.0396 0.1101 1.2273 BIRIK
2 Na'+K', Mg*, CI” —0.0453 0.0025 -0.0005 1.0433 BIRIK
3 Na'+K', Mg®, SO -0.0146 0.0077 -0.0140 1.0208 BLIR K
4 Na“ +K', Mg", HCO; 2.2364 0.3834 -0.9998 -0.6199 Y5 7K
5 Na* +K', Mg*', TDS —-0.4389 -0.0630 0.1717 1.3301 BIRIK
6 Na' + K, Ca>, CI” -0.0297 -0.0101 0.0256 1.0143 BIRIK
7 Na'+K', Ca*', so> 0.0094 -0.0057 0.0132 0.9831 BIRIK
8 Na*+K', Ca*, HCO; 0.0378 -0.0027 0.0043 0.9606 BIRIK
9 Na™ + K", Ca>*, TDS —0.1365 -0.0219 0.0595 1.0993 BIR K
10 Na'+K', CI', so> -0.1365 0.0760 -0.1526 1.2129 BIRIK
11 Na"+K', CI', HCO; 0.4012 —0.3578 0.7445 0.2121 RIRIK
12 Na“ + K", CI', TDS —0.0326 -0.0078 0.0208 1.0197 BIRIK
13 Na’+K’, SO, HCO; 0.5385 -0.3023 0.6141 0.1498 KHK
14 Na“+K', so*,TDS 0.0038 -0.0026 0.0068 0.9916 BIRIK
15 Na'+K', HCO;,TDS 1.9333 0.2609 -0.7119 ~0.4826 SV
16 Mg*, Ca>, CI” -0.2051 0.1079 0.0690 1.0281 LY/
17 Mg*, Ca*', so> -0.2195 0.0851 0.0753 1.0590 BIRIK
18 Mg*, Ca**, HCO; -0.1195 0.2444 0.0309 0.8442 BIRIK
19 Mg*, Ca*", TDS —-0.2924 -0.0311 0.1075 1.2155 BUIRIK
20 Mg*, Cl', so> —0.1049 0.0417 0.0254 1.0376 BIRIK
21 Mg*, ClI', HCO; -0.3878 0.2286 0.1484 1.0109 LY/
22 Mg*, CI', TDS -0.0689 0.0181 0.0099 1.0410 BIRIK
23 Mg, SO*, HCO; -0.5706 0.2178 0.2283 1.1245 BIRIK
24 Mg”, so*,TDS -0.0517 0.0218 0.0024 1.0279 BIRIK
25 Mg*, HCO; , TDS 1.3594 0.3316 -0.6161 -0.0749 U
26 Ca¥, ClI, sO* -0.1016 0.0383 0.0434 1.0200 BIRIK
27 Ca*, Cl, HCO; -0.4218 0.2539 0.1225 1.0456 LY/
28 Ca*, CI', TDS -0.0223 -0.0153 0.0238 1.0136 BLIR K
29 Ca™, SO*, HCO; -0.6639 0.2616 0.1959 1.2065 BIRIK
30 Ca*, SO, TDS 0.0259 -0.0122 0.0089 0.9775 BIR K
31 Ca*, HCO; , TDS 2.8209 0.1516 —0.8598 -1.1128 PYEK
32 Cl', SO}, HCO; ~0.0358 —0.0330 0.4143 0.6546 BUKK
33 CI', so*,TDS -0.1096 0.0474 -0.0026 1.0652 BLIR K
34 CI', HCO;, TDS ~0.9011 0.6100 -0.2396 1.5305 BLIR K
35 SO, HCO; ,TDS -1.5867 0.6941 -0.1251 2.0172 BUKK
36 1~35 FHH ~0.0445 0.1376 —0.0684 0.8486 BIRIK
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10 5 10 15 20 25
BR

TT5

T P

3 AK

o HER

Figure 1. R cluster analysis of Tongting mine
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5. &t

ASCLAEALE” X B T TS KER Na™ + K . Mg™', Ca®*. CI'. SO . HCO; . TDS 3t 7 ffi

RSB FR A, MY T H RACK IR A 2 Te R AR, R 2% B 1 21 45 SR Al R 7K KR
JE T 25 B AR AT RENE RN o AR S PR T B, B2 BRFEAN SR AR BCR IR B, HRA BT R B RCR,
Xof Tl AL X B T A KR T UIA B 82.86%, T LUK /K FHBiih TAE RIS % .

E&WE

H K H AR F 5 4:(51474008) 2019 R 22 BUAE ML 75 & N A SCRFVHRITN H (gxyq2019151) BT

L LB R I H (WG18026).

SE

(1]

(2]

(3]

(4]
(3]
(6]

(7]
(8]

IR, KB, ARRAZ. B I RAOKIE R TR BE T —— AR FE A A B[], B R 2R, 2014, 24(2):
100-106.

Sun, L.H. and Gui, H.R. (2012) Establishment of Water Source Discrimination Model in Coal Mine by Using Hydro-
geochemistry and Statistical Analysis: A Case Study from Renlou Coal Mine in Northern Anhui Province, China.
Journal of Coal Science and Engineering (China), 18, 385-389. https://doi.org/10.1007/s12404-012-0409-0

Sun, L., Chen, S. and Gui, H. (2016) Source Identification of Inrush Water Based on Groundwater Hydrochemistry and
Statistical Analysis. Water Practice & Technology, 11, 448-458. https://doi.org/10.2166/wpt.2016.049

HERIER. 7 X R /KK SO ER (24 A0 5 M. JE st sBT H Ak, 2007.
WRps. BT =ZEb S S5 BERY AOAE F A XM R /KA 5 IR BI[D]: [ 22 A s, AR A LR, 2014,

kiR, R4, 2R, & HERTRET K STHUIER b S RFAE KoK IE IR AN [I]. K SCHLEE TAREHLSE, 2014, 41(6):
32-37.

VRN, T EUh. S5 R TE S O b 2 R SO B R D], B AR K 2R, 1992, 14(2): 23-30.
BRODRE, FENCAR. B SO0 Rl R ) PR Y R LN (0], #a RO RLE, 1997(3): 28-32.

DOI: 10.12677/ag.2019.96058 547 HOBRBL2ERT


https://doi.org/10.12677/ag.2019.96058
https://doi.org/10.1007/s12404-012-0409-0
https://doi.org/10.2166/wpt.2016.049

ikt B2 E

[9] BAARdE, IRVAS. ST RAIEIA G5 R IFFERERRT]. o E AL TR, 1998, 18(1): 12-15.

[10] XIEIR, E4{-, MER. BT 2R G EY B HRAKKFESII. FEzERB 250K, 2013, 23(12):
95-100.

[11] PMAZE, MaBBE, REUIMS, 55 0 M AKKIR 8T 1 2 ook RER Y e R T]. HBEmEEAR, 2016, 35(12): 167-169.
[12] Wit (i 3 10 BERIRARZCA KK ST 26 E T[], HERT IO BAR 2B 5431k, 2002, 2(3): 58-61.
[13] Xz, sy X EZE K S K E R SCHERL 228 72 [D]: (A 22008 3. AR A AR T K2, 2013.

L%
Hans Xt
RIS B B P A 2K
1. FTHF51M BUE http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJID
TRIFIERMEESE: [ISSN], H AT ISSN: 2163-3967, RIH] A

2. FTHFHIM B 1T http:/cnki.net/
L« bRSCRkEE” #EN, BN ERE, B A

AEE S http:/www.hanspub.org/Submission.aspx
FATIHEAS: ag@hanspub.org

DOI: 10.12677/ag.2019.96058 548 HOBRBL 2RI


https://doi.org/10.12677/ag.2019.96058
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ag@hanspub.org

	Source Identification of Water Bursting in Tongting Coal Mine Based on Multivariate Matrix Model
	Abstract
	Keywords
	基于多元矩阵模型的童亭煤矿突水水源识别
	摘  要
	关键词
	1. 引言
	2. 矿井水文地质特征
	3. 研究方法
	4. 模型的构建及应用
	5. 结论
	基金项目
	参考文献

